The frequency and distribution of 11 endocrine cell populations were studied in the intestine of differently aged buffalo, grouped on the basis of diet : 2-d-olds (suckling), 5-mo-olds (weaning) and 5-y-olds (ruminant adult diet). The endocrine cell populations were identified immunocytochemically using antisera against 5-hydroxytryptamine (5-HT), somatostatin, gastrin, cholecystokinin (CCK), COOH-terminal octapeptide of gastrin\CCK, neurotensin, motilin, gastric inhibitory polypeptide (GIP), secretin, glucagon\glicentin (GLU\GLI) and polypeptide YY (PYY). In adult buffalos the regional distribution of endocrine cells is similar to that of other adult ruminants. During postnatal development, these cell types showed the following changes in their frequency and distribution : (1) 5-HT, neurotensin and gastrin\CCK immunoreactive cells (i.c.) showed a decrease in frequency with age ; (2) somatostatin i.c. frequency remained stable with age ; (3) motilin, GIP, secretin and CCK i.c. showed a slight increase in frequency with age ; (4) GLU\GLI and PYY i.c. decreased in frequency with age in the small intestine, caecum and proximal colon and an increase in frequency in the rectum. It was hypothesised that the endocrine cell types, whose presence and localisation is substantially stable in all examined ages, probably contain substances that are strictly necessary for intestinal function. In contrast the hormones contained in the cell populations that decreased with age, are probably involved in physiological needs during the milk and weaning diet or play a role in intestinal growth.

Amines and regulatory peptides are known to play a role in the control of gastrointestinal smooth muscle contraction and epithelial secretion, and several peptides have been associated with the regulation of intestinal cell proliferation (Goodlad & Wright, 1989 ; Rehfeld, 1998) . These amine\peptides are each stored and released by characteristic endocrine cell types, identifiable by immunohistochemistry and electron microscopy (Solcia et al. 1981) . These cells are commonly named ' endocrine cells ' although they also release their products in a paracrine or exocrine manner. Thus research into the localisation of these endocrine cell types is important for a full understanding of the regulation of gut functions and to support alimentation studies in domestic animals.
Extensive studies have been carried out on the ontogeny and distribution of endocrine cells in a number of mammalian species (Larsson, 1977 ; Alumets et al. 1983 ; Keast et al. 1985 ; Ito et al. 1988 ; Ono et al. 1994 ) while few studies have considered the gastroenteropancreatic endocrine cells in herbivores. The distribution of these cells has been studied immunohistochemically in the horse , in a primitive ruminant, the lesser mouse deer (Agungpriyono et al. 1994) , and in domestic ruminants (Bunnet & Harrison, 1979 ; Calingasan et al. 1984 ; Kitamura et al. 1985 ; Franco et al. 1993 ; Mimoda et al. 1998) .
The water buffalo (Bubalus bubalis) has been bred both for meat and milk production, particularly in tropical and subtropical regions, e.g. southern Italy, India, Egypt, Bulgaria and Turkey. Recently the breeding of this ruminant has increased and continues to increase in many countries due to considerable economic interest. Thus although breeding and alimentation methods are improving, information about the morphology and function of the buffalo digestive tract is poor (Lucini et al. 1998) .
This study reports the frequency and distribution of endocrine cell populations identified by immuno- reactivity to antisera against the most widespread intestinal amines and peptides : 5-hydroxytryptamine (5-HT), somatostatin, gastrin, cholecystokinin (CCK), COOH-terminal octapeptide of gastrin\CCK, neurotensin, motilin, gastric inhibitory polypeptide (GIP), secretin, glucagon\glicentin (GLU\GLI) and polypeptide YY (PYY). The investigation was conducted in buffalo of different ages, grouped on the basis of diet : 2-d-old (suckling), 5-mo-old (weaning) and 5-y-old (ruminant adult diet). 
  
Specimens of the duodenum, jejunum, ileum, caecum, ascending colon, descending colon and rectum were taken from 3 age groups (each consisting of 3-5 animals) : 2 d, 5 mo and 5 y. The intestine samples, obtained immediately after butchering at the local slaughterhouse, were fixed in Bouin's fluid, dehydrated and embedded in paraffin wax. Serial sections (5 µm) were cut and tested using the peroxidase-antiperoxidase (PAP) method (Sternberger, 1979) . The dewaxed sections were reacted with 3 % H # O # at room temperature (RT) for 20 min, rinsed in phosphate buffered saline (PBS) 0n5  pH 7n3 and incubated with normal goat serum (INC 64-292) 1\5 for 30 min at RT. After drawing off the excess serum, consecutive sections were reacted with the primary antisera shown in Table 1 . Incubation time was 18-24 h at 4 mC for each primary antiserum. After 3 baths in PBS, the sections were further incubated with goat antirabbit IgG (UCB i200\001) 1\50 for 30 min at RT. Successively the sections were rinsed in PBS, incubated with rabbit PAP (UCB i200\001) 1\100 for 30 min at RT and rinsed again in PBS. The reaction was then visualised using 0n06 % 3-3h-diaminobenzidine tetrahydrochloride (DAB, Sigma), containing 0n03 % H # O # in 0n5  Tris-buffered saline pH 7n6, for 10-45 min in the dark at RT. After dehydration and mounting under coverslips with Canada balsam, the sections were observed with a Leitz Aristoplan.
Negative controls were made by substituting each primary antiserum with (1) PBS, (2) normal serum of the species in which the primary antibodies were raised, and (3) primary antiserum absorbed with its corresponding (50-100 µg\ml) and correlated (100-500 µg\ml) antigens. To estimate the relative frequency of cells immunoreactive to each primary antiserum, the mean number of cells\0n08 mm# was calculated in each intestinal portion of all 3 age groups. Only cells with a definitely recognisable nucleus at low magnification were counted. This was undertaken in 20 areas in different transverse sections, chosen at random from the lower half of the glands. In 2-d-old animals the sections (from 20 areas) were selected from the middle of each intestinal portion ; in 5-mo-old animals from the cranial and caudal regions ; and in 5-y-old animals from the cranial, middle and caudal regions.

All the intestinal endocrine cell types were more frequent in the lower half of the glands, at times found in groups of 2 or 3. They were round, oval, pyramidal or spindle-shaped, sometimes with cytoplasmic processes running parallel to the basement membrane or between neighbouring epithelial or endocrine cells. Some reached the intestinal or glandular lumen. The immunoreactivity appeared to be distributed throughout the cytoplasm (in round or oval cells) or in the supra and infranuclear regions (in pyramidal or elongated cells), as well as in the cytoplasmic processes.
The distribution of all endocrine cells reveals a differing frequency in the various regions of the intestinal tract at the examined ages (Figs 1, 2 ; Table 2 ).
There was a very large number of 5-HT immunoreactive cells (i.c.) (Fig. 3 a) distributed throughout the whole intestine of animals of all ages. In young buffalos 5-HT i.c. were more numerous than in adult animals. Somatostatin i.c. were moderately numerous in the duodenum (Fig. 3 b) , jejunum and rectum of animals of all ages. GLU\GLI i.c., localised in * Significance index P 0n05 ; ** significance index P 0n01 ; *** significance index P 0n001 ; N.S., not significant. Mot, motilin ; Secr, secretin ; Neur, neurotensin ; Gas, gastrin ; Duod, duodenum ; jejun, jejunum ; caec, caecum ; Col. pr, proximal colon ; Col. di, distal colon ; Rect, rectum.
considerable numbers from jejunum to proximal colon (Fig. 3 c) , decreased considerably in numbers with age. However in the rectum GLU\GLI i.c. appeared to increase in number with age. PYY i.c. were observed in all intestinal segments (Fig. 3 d ) . Their number decreased considerably with age from ileum to proximal colon and increased in the rectum. Neurotensin i.c. were mostly observed in the jejunum (Fig.  3 e) and ileum of 2-d-old animals. In 5-y-old buffalos a few neurotensin i.c. were also detected but only in the duodenum. Only a few secretin i.c. were found in the duodenum (Fig. 3 f ) and jejunum of 5 mo and 5-y-old animals. Motilin i.c. were observed in small numbers in the duodenum of adult buffalos (Fig. 3 g) . In all examined animals GIP i.c. were present in moderate numbers in the duodenum (Fig. 3 h) and jejunum. The antiserum to gastrin\CCK stained as large number of cells in the whole of the intestine of 2 d and 5-mo-old buffalos. In 5-y-old animals gastrin\CCK i.c. were moderately numerous in the duodenum and jejunum, but infrequent in the regions of the other intestinal tract. The antiserum specific for CCK showed few i.c. in the duodenum of animals at all ages. Very few CCK i.c. were detected in the jejunum of 5 mo and 5-y-old buffalos. The antiserum specific to gastrin showed rare i.c. in the duodenum.

In this study the presence of 11 endocrine cell populations was examined. Generally, the regional distribution of endocrine cells in adult buffalo is similar to that of other adult ruminants (Bunnet & Harrison, 1979 ; Calingasan et al. 1984 ; Kitamura et al. 1985 ; Weyrauch et al. 1989 ; Ceccarelli et al. 1995) .
During postnatal development of the buffalo some cell types appeared quite stable in number and distribution. The localised, relatively stable presence of motilin, GIP, secretin, gastrin and CCK i.c. in the upper small intestine may be related to the role of these hormones in the stimulation of intestinal and gallbladder smooth muscle and of pancreatic secretion (Jorpes & Mutt, 1966 ; Brown et al. 1972 ; Gyr et al. 1984 ; Karup, 1988 ; Walsh, 1994) . Other endocrine cells (5-HT, neurotensin, gastrin\CCK, GLU\GLI and PYY i.c.) generally decreased in number in ageing buffalos. The large number and the widespread presence of 5-HT i.c. has also been reported in the gut of many vertebrate species (El-Salhy et al. 1985) . These findings could be explained by the role of this amine, which strongly stimulates the smooth musculature of the intestine and exocrine secretion (Costa & Furness, 1979 ; Fujimya et al. 1997 ). However, the number of 5-HT i.c. was higher in young buffalos than in adults, often with a maximum around weaning time. A decrease in 5-HT i.c. with age was also reported in calf and cow by Kitamura et al. (1985) .
Neurotensin i.c. were mostly localised in the small intestine. They decreased in number and were restricted in distribution during growth in buffalo, as well as in the calf and cow (Kitamura et al. 1985) . These findings can be related to the known trophic effect of neurotensin. Moreover neurotensin stimulates pancreaticobiliary secretions, which are known to stimulate gut growth (Evers et al. 1990 ).
The number of cells immunoreactive to the antiserum directed against the COOH terminal common portion of gastrin\CCK, greatly exceeds the sum of gastrin and CCK i.c. Thus, it is likely that a third cell type with a COOH terminal sequence of gastrin and CCK exists. Previous studies described and named this cell type as TG cells (Larsson & Rehfeld, 1978 , 1979 . This cell type, however, could contain gastrin or CCK related molecules, but certain conformational changes of the molecules may make them unreactive with specific gastrin and CCK antisera (Iwanaga et al. 1980) . Furthermore, gastrin\CCK i.c. were more numerous and widespread in the intestine of young buffalos than of adults. Similar findings were reported only in the rat small intestine (Kataoka et al. 1985) .
GLU\GLI and PYY i.c. dramatically decreased with age from duodenum-jejunum to proximal colon. The highest number of PYY i.c. in young buffalo could be related to data reported in the mouse. Observations with transgenic mice seem to indicate PYY expressing cells are progenitors for many endocrine cells (Upchurch et al. 1996) .
In conclusion, some cell types are firmly present at all examined ages and it may be hypothesised that these cells are strictly necessary for intestinal function. Other cell populations decreased in number, sometimes dramatically, with ageing. The hormones they contain are probably involved in physiological requirements during the milk and weaning diet or play a role in intestinal growth. On the other hand, many studies seem to suggest that dietary changes can affect the regional distribution of enteroendocrine cells (Sharma & Schumacher, 1996) and that gut hormones may act on mucosal growth and maintenance (Zachary et al. 1987 ; Evers et al. 1990 ; Baldwin & Whitehead, 1994) . These morphological observations need further physiological and experimental studies that we hope will be conducted in the future.
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